Objective. To assess the relationship between clinical care metrics and patient experiences of care among patients with chronic disease.
Introduction
The epidemic of chronic disease has important implications for improving the quality of care in the US health-care system. Nearly 50% of the US population, over 125 million Americans, is affected by a chronic condition [1] , and 20% suffer from more than one chronic disease [2] . Chronic diseases are responsible for 70% of deaths in the USA and over 75% of healthcare costs [3] , and it is projected that the burdens associated with chronic conditions will continue to grow [4] .
Unfortunately, the majority of physicians and patients report that it is difficult to obtain high quality care for chronic illnesses [5] . While some gains in clinical quality for chronic disease care have been achieved, there is still substantial room for improvement [6] , and progress in patient experiences of care may be lagging behind [7] . Improving delivery of chronic disease care will involve increasing the effectiveness of care delivery, as well as engaging patients in the management of their condition [8] .
As physician groups become increasingly engaged in clinical programs to improve chronic disease care [9] , comprehensive performance measurement represents an important component of an overall improvement strategy. While prior work has explored the interaction between patient experiences of care and clinical outcomes [10 -12] , there are little data to help physician groups understand these interactions in the setting of more complex chronic care management.
Using California statewide data, our study had three goals: (i) to report on clinical quality and patient experiences of care among patients with chronic conditions; (ii) to evaluate the association between measures of clinical processes and clinical outcomes for individual chronic conditions; and (iii) to evaluate the association between measures of clinical performance and measures of patient-centered care.
Methods

Study setting
We used data collected from medical groups participating in a statewide performance measurement initiative in California during 2007. These medical groups, a mix of free-standing physician practices and independent practice associations, provide healthcare for 90% of the state's insured population, and range in size from 20 physicians to several thousand physicians.
Patient survey eligibility
We combined data collected from two sampling frames in 2007, a medical group level survey and an individual physician level survey (Fig. 1) . The medical group level survey sample identified all patients aged 18 years and older who had a visit with either a primary care or a specialist physician during the 10-month period from January to October 2007. A random sample of 900 patients per medical group was selected and linked to a single physician ( primary care or specialist) based on their visit history. The survey was administered in a three-stage process, with an initial mailing, a follow-up mailing and a final attempted telephone interview. The overall response rate was 37%.
The individual physician level survey sample was derived from a subset of the medical groups who volunteered. Patients were identified based on the presence of an office Figure 1 Enrollment of patients being treated for chronic conditions. Patients with chronic disease were identified using surveys and were included in the study based on receiving care from a primary care physician or specialist within one of the medical groups self-reporting clinical performance data.
visit with an individual physician during the 10-month period from January to October 2007. A random sample of 100 patients per physician was then selected. These patients were exclusive of the 900 patients sampled from that site for the medical group level survey. The survey was administered in a two-stage process, with an initial mailing followed by a second mailing to non-responders. The overall response rate was 34%.
Survey sample sizes were chosen with the goal of achieving a minimal threshold reliability for provider-level comparisons of 0.70 [13] . The response rates achieved are consistent with those achieved in other statewide surveys, where nonresponse analyses have not demonstrated any biases or challenges to the integrity of provider-level analyses of patient experience measures [13] .
Survey instrument
Patient experiences of care were measured based on the CAHPS w Clinician and Group Survey endorsed by the National Quality Forum [14] . Self-management support was assessed using a validated composite measure based on five individual survey items (Table 1 ) [15] .
We identified patients receiving care for a chronic disease by asking the survey question 'In the last 12 months, did you have any health problems or conditions for which you took medicine or got care for 3 months or longer?'. Patients also identified specific chronic conditions from a pre-specified list of diseases, and were allowed to select the presence of more than one chronic condition.
Clinical performance measures
As part of the statewide performance measurement program, clinical data were voluntarily submitted by 89 medical groups using a combination of administrative and medical record data. These 89 medical groups represent 51% of all groups statewide (Fig. 1) . The remaining groups were not able to submit data due to the lack of information systems infrastructure to facilitate large-scale data extraction on clinical quality measures. The submitted data are processed by the National Committee for Quality Assurance and performance measures are calculated using standard specifications from the Health Plan Employer Data and Information Set (HEDIS). We evaluated measures for the management of asthma, cardiovascular disease and diabetes (Table 2) .
Composite measure creation
We created four composite measures of patient experience, one composite measure of disease self-management support and two composite measures of clinical quality. The patient experience composites have been validated in prior studies and included one measure of the quality of clinical interactions, three measures of organizational features of care (integration of care, office staff and organizational access) [13, 16] and one measure of self-management support (Table 1 ) [15] . Composite measures of clinical quality were developed for diabetes, cardiovascular disease and asthma management by separating process of care measures from clinical outcomes (Table 2 ) [17] . All composite measures demonstrated good internal validity, with Cronbach's a scores exceeding a minimum threshold of 0.70 with the exception of the integration of care, which demonstrated a score of 0.63 (Tables 1 and 2) .
Numeric composite scores for clinical quality measures and patient experience measures were calculated using the adjusted half-scale rule to produce ratings on a scale from 0 to 100, with higher scores representing either better patient experiences or superior clinical quality. This involves first transforming the individual item to a 0 -100 scale [18] . HEDIS scores are already ranked as such, while patient survey responses require conversion (e.g. a five-point Likert response item would generate a score of 0, 25, 50, 75 or 100).
Correlation analyses
We calculated non-parametric Spearman's correlation coefficients between individual process of care measures and their relevant outcome measure at the medical group level, including those between: (i) annual HbA1c monitoring and achieving HbA1c control (,9%) for patients with diabetes, (ii) annual low-density lipoprotein (LDL) cholesterol monitoring and achieving LDL cholesterol control (,130 mg/dl) for patient with diabetes, and (iii) annual LDL cholesterol monitoring and achieving LDL cholesterol control (,130 mg/dl) for patients with cardiovascular disease.
We next calculated correlation coefficients at the medical group level between the two composite measures of clinical quality ( process composite and outcome composite) and the five composite measures of patient experiences, for a total of 10 correlations. While the clinical composite scores were calculated based on patients with specific chronic diseases, the correlations with patient experiences were performed among all patients screening in for chronic disease, regardless of the specific condition.
For all correlation coefficients, we calculated the convergence estimates, or adjusted correlation coefficients, to represent the true correlation that would be observed between the two composite scores in the absence of measurement error associated with creating the composites. The convergence estimates were calculated using the Spearman-Brown reliability coefficients for the patient experience composite (a 1 ) and the clinical quality composite (a 2 ), along with the Spearman correlation coefficient (r) in the following manner: convergence ¼ r= ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi a 1 Â a 2 p . This study protocol was approved by the Human Studies Committee at Tufts Medical School. All analyses were carried out using the STATA statistical package, version 9.0.
Results
We identified 51 129 patients with a chronic condition being treated across 89 medical groups (Fig. 1) . These patients reported the presence of hypertension (34%), diabetes (16%), arthritis or joint disease (15%), back pain (11%), depression (11%), asthma (6%), cancer (5%), coronary artery disease (4%), congestive heart failure (2%), other heart disease (4%) and pregnancy/pre-natal condition (3%). Among patient-reported experiences of care, the performance was the highest for the quality of clinical interactions (mean score 88.5) and the lowest for the delivery of selfmanagement support (mean score 68.8, Table 3 ). The variation in these patient-reported measures across medical groups, as measured by the standard deviation of the group effect, was generally smaller than that observed for the clinical process and outcomes measures.
Clinical performance was higher for the process measures of care compared with outcomes measures of care, ranging from a high of 91% for the process measure focused on the use of appropriate asthma medications to a low of 59% for the outcome measure of controlling LDL cholesterol in the In the last 12 months, did this doctor or any of these other providers give you clear instructions about how to manage this health condition? In the last 12 months, did this doctor or any of these other providers work with you to set personal goals for managing this health condition? In the last 12 months, did this doctor or any of these other providers help you figure out ways to overcome the things in your daily life that got in the way of managing this health condition? In the last 12 months, how often did this doctor seem informed and up-to-date about care you received for this condition from other providers? In the last 12 months, did this doctor or any of these other providers ask you whether this health condition makes it hard to do the things you need to do each day (for example, at home or at work)? a, Cronbach's a for composite measure. presence of diabetes. Variation in clinical performance among medical groups was higher for outcomes measures compared with the process measures of care, with standard deviations for outcomes measures nearly twice the magnitude of those for process measures (Table 3 ). Spearman's correlations between processes of care and outcomes of care for diabetes and cardiovascular disease were relatively high, including annual HbA1c monitoringHbA1c control (0.59, P ¼ 0.03); and annual LDL cholesterol monitoring -LDL cholesterol control for diabetes (0.60, P ¼ 0.02) and cardiovascular disease (0.64, P ¼ 0.01).
Among the 10 adjusted correlation coefficients between patient experience composites and clinical performance composites, 3 (30%) were statistically significant ( Table 4) 
Discussion
Improving the quality of chronic disease care will involve a commitment to providing clinically effective, patient-centered care. In this statewide evaluation of chronic disease care, we identified substantial variation among medical groups on measures of clinical performance and patient experiences of care. Performance on the process measures of clinical care was uniformly higher than that on outcomes measures of care, and delivery of self-management support lagged behind other standard measures of patient experiences of care. The correlations between clinical processes of care and outcomes of care were significant and of larger magnitude than those observed between clinical measures and patient experiences of care. These latter correlations were all positive, with the strongest relationships noted for the quality of clinical interactions and integration of care composites.
Our finding that clinical performance on outcomes measures of care is lower than performance on process measures of care is consistent with prior analyses of quality of care [6] .
The relatively strong correlations we identified between processes of care and outcomes of care at the medical group level highlight the importance of at least annual monitoring of important disease markers. Increasing patient engagement and the provision of self-management support is often cited as a potential solution to improving clinical outcomes for patients with chronic diseases [12] . However, we found no correlations between self-management support and clinical performance. Rather, the quality of clinical interactions and the integration of care were significantly correlated with clinical processes and outcomes.
While our analyses of correlations between clinical performance and patient experiences of care do not definitively prove causality, our findings suggest several important avenues for medical groups to focus on as part of a strategy to improve the quality of chronic disease management. First, establishing a systematic approach to increasing performance on process measures, such as maintaining disease registries and conducting population outreach, is critical. Secondly, providers should focus on ensuring that care plans for patients with chronic disease are effectively coordinated across multiple providers. This latter point is particularly relevant, given the fact that many patients with chronic disease are cared for simultaneously by a combination of physicians [19] . Medical homes and accountable care organizations represent attractive models of how to foster better integration of care within the health-care delivery system [20, 21] . Finally, better approaches to engaging patients in development and completion of a chronic disease care plan are needed, as selfmanagement support scores were the lowest of the patient experiences of care measures we measured.
Electronic health records and other forms of information technology can play an important role in chronic care management. More widespread use of shared electronic health records can enable better access to relevant health information across multiple providers, fostering more efficient communication between providers, and ultimately better integration of care [22] . Other forms of information technology can be used to help providers communicate more efficiently with their patients between routine office visits, including personal health records or e-mail [23] patients and providers, the use of these electronic tools will need to be accompanied by additional training programs demonstrated to help physicians communicate in the context of the office visit [24] .
Despite a few significant correlations between patient experiences of care and clinical performance, the majority of the correlations we analyzed were not significant, though all were positive. This is consistent with prior research that has found only modest correlations between clinical measures and patient experiences, and no evidence of conflict between these two goals [11, 18] . The absence of strong and consistent correlations does not undermine the value of measures of patient experiences. Rather, our findings indicate that clinical care delivery and patient experiences, including self-management support, may often represent distinct aspects of care delivery and potentially parallel quality improvement strategies.
Some research suggests that better patient experiences might enhance adherence and ultimately improve patient outcomes [10] . Our null findings may be a limitation of the cross-sectional study design, as we are not able to comment on whether longitudinal changes in measures of patientcentered care are associated with subsequent changes in clinical outcomes, or vice versa. Our findings are also challenged by the difficulty of correlating patient reports of care among patients with any chronic disease to clinical outcomes that were disease-specific.
Our analyses are strengthened by the inclusion of a large number of medical groups, physicians and patients across the state, as well as the evaluation of multiple chronic conditions. However, the results may not be generalized to other settings with health-care environments different from California, where provider groups may be more exposed to external incentives to improve quality [25] . In addition, while the medical groups in our study were located throughout the state, inclusion in our study was reliant on voluntary participation in the performance measurement project. Finally, we also analyzed multiple correlations, increasing the role of chance in identifying the few significant correlations we highlighted.
In conclusion, despite strong correlations between clinical process and outcomes measures, significant gaps in performance on these outcomes measures were common. We identified potentially important correlations between clinical performance and patient reports of clinical interactions and integration of care, reinforcing the need to maintain a focus on patient experiences as part of an overall program to improve chronic disease care.
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